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Introduction
International empirical evidence suggests that the wages of university graduates are strongly determined by the field of study. In particular, it appears that graduates from Natural Sciences have the highest and graduates from Arts and Humanities have the lowest wages (e.g. Wahrenburg and Weldi, 2007 for Germany; Rumberger and Thomas, 1993, Arcidiacono, 2004 However, a substantial share of all students is enrolled in low-earning fields like Arts/Humanities, e.g. in Germany, about 20% of all first-year students. This reveals that expected earnings (e.g. Arcidiacono et al., 2010 , Berger, 1988 , Montmarquette et al., 2002 are not the only relevant factor for students' decision on the field of study. On the one hand, comparative advantages (e.g. Paglin and Rufolo, 1990) or (nonmonetary) preferences (e.g. Blakemore and Low, 1984) may explain the pattern of enrolling in low-earning fields. People are not equally well equipped to study all fields and hence they self-select into fields where they have comparative advantages. For instance, people with high mathematical abilities prefer fields like Engineering or Economics, while people that have high verbal abilities choose Social Sciences or Humanities. In that case, the observed lower earnings in Arts/Humanities simply reflect the relative magnitudes of the supply of and demand for specific fields or skills, rather than a lack of ability.
On the other hand, it might also be the case that the least able students select into fields like Arts/Humanities since these fields are regarded as less challenging. Then, lower earnings after graduation would reflect the lower ability of these students. It will be difficult to disentangle these two mechanisms empirically. But such a snapshot perspective might be insufficient for understanding observed earnings differences by field of study anyway. In their choice of fields, students typically take a long-term perspective. For instance, Blakemore and Low (1984) find that women tend to choose fields that are less prone to atrophy and obsolescence if they intend to interrupt their participation in the labor market, e.g. for having children. Consequently, longitudinal evidence is needed to shed more light on this issue.
Using a German panel data set on university graduates, this paper takes such a longitudinal perspective. As a first contribution, we confirm the existing literature on field-specific wage differentials controlling for a rich set of individual, study-related, job and firm characteristics. 2 Moreover, we 2 For instance, among the set of individual characteristics, gender is found to be important (e.g. Braakmann, 2008, Bredtmann and Otten, 2010 for Germany). Among study-related characteristics, the quality of university (e.g. Brewer et al., 1999 , Dale and Krueger, 2002 , Black and Smith, 2004 , Brunello and Cappellari, 2008 , Long, 2008 ) the type of university (e.g. Riphahn et al., 2010) , the type of university degree (e.g. Kane and Rouse, 1995 , 1999 , Jaeger and Page, 1996 , change of university (e.g. Holmlund and Regnér, 2009, Light and Strayer, 2004) , time to obtain a degree (e.g. characterize the nature of the wage gap by implementing a decomposition analysis as proposed by Blinder (1973) and Oaxaca (1973) . More precisely, we disentangle the observed gap in wages at labor market entry and five to six years after graduation between graduates from Arts/Humanities and graduates from Social Science, from Natural Sciences and from Engineering, respectively. 3 This permits quantifying the amount of the gap that is due to differences in observed characteristics and the amount that remains unexplained. Additionally, we investigate which variables are most important in explaining the wage gap, i.e. whether differences in individual, study-related or job characteristics are most important.
For German students graduating in the years 1997 and 2001, we find substantial wage differentials by field of study. Graduates from Arts/Humanities earn less than graduates from Social Sciences, Natural Sciences and Engineering both at labor market entry and five to six years after graduation.
However, the wage gap between Arts/Humanities graduates and graduates from Natural Sciences and from Engineering becomes smaller with increasing labor market experience. Decomposing the differential between Arts/Humanities and the other fields shows that a significant part of the wage gap can be attributed to differences in observables. Most importantly, differences in job characteristics explain the wage differential, while individual and study-related characteristics do not contribute significantly.
This result holds true regardless which of the three fields of study is compared to Arts/Humanities.
In particular, full-time employment, industry, being employed in West Germany, overeducation and firm size contribute to the wage gap at both points in time. Five to six years after graduation, entry wages, the employment history and gender also contribute significantly to the gap. These results are suggestive evidence for the hypothesis that wage differentials are also driven by skill-specific labor markets or by (nonmonetary) preferences. However, it is important to note that we cannot control adequately for the students' (specific) ability since our only information on ability are final high school and university grades. Therefore, we cannot rule out that the observed lower earnings for graduates from Arts/Humanities reflect (at least partially) a lower ability of those graduates.
The remainder of the paper is organized as follows. The next section presents the data and the third section describes the empirical specification. Section 4 provides the regression and decomposition results. Section 5 concludes the study. Brodaty et al., 2008) and working during study (e.g. Light, 2001 , Hotz et al., 2002 , Häkkinen, 2006 are important determinants of wages.
3 Analyzing the wage differentials at labor market entry and five to six years after graduation provides a more complete picture. Empirical evidence suggests that the wage growth is highest in the first ten years of labor market participation (Topel and Ward, 1992) . Moreover, with increasing labor market experience, information asymmetries decrease as employers gradually learn about the workers' true productive capability or ability (Farber and Gibbons, 1996, Altonji and Pierret, 2001) .
2 Data
For the analysis, the "HIS panel survey of graduates" for the cohorts 1997 and 2001, which was conducted by the Higher Education Information System (Hochschul-Informations-System), is used. 4
The data set is a representative survey of German graduates who obtained their degree from a German university. 5 For each cohort, two interviews are carried out at different points in time. The first interview is conducted one to two years after graduation and the second five to six years after graduation. While the former collects information on the course of study and on the transition from university to the labor market, the latter concentrates on the employment biography since graduation. Information on socio-demographic factors, e.g., gender, age and family background, are also surveyed. The sampling design is clustered in the dimensions field of study, type of degree and university. Moreover, graduates from East German universities are oversampled. We account for this sampling design by using the weights provided in the data.
We consider only individuals who took part in both interviews, i.e. one year after graduation and after five to six years. 6 Teachers, medical scientists and lawyers are excluded from the sample because their labor market entry is highly regulated. Before entering the labor market, they have to complete a legal traineeship which is still part of their study, i.e. before finishing the traineeship they will not obtain the final degree. The wages obtained during the training period are not market-based and they often cover only the basic costs of living. Furthermore, persons who obtained their university entrance diploma under the German Democratic Republic (GDR) regime and graduates being 35 years or older are excluded. Persons with more than one employment at the time of the interview also have to be dropped, because their income information cannot be matched properly to the job characteristics.
The final sample contains 4,521 graduates from previously 6,652 observations at labor market entry and 6,871 observations five to six years later.
The fields of study are defined in accordance with the literature (e.g. Grogger and Eide, 1995 , Bratti and Mancini, 2003 , Buonanno and Pozzoli, 2009 (2006) for a documentation of the data. The scientific use file is distributed by the GESIS-ZA Central Archive for Empirical Social Science (GESIS-ZA Zentralarchiv für empirische Sozialforschung).
5 In the German higher education system, a tertiary degree can either be attained at a traditional university or at a technical college (Fachhochschule). While the former focuses on the teaching of theoretical skills, the latter sets the focus on applied skills. If not indicated differently, both are referred to as universities.
6 To test whether sample attrition causes a problem, we compare the distribution of the residuals from a wage regression including all graduates to the distribution of the residuals from a wage regression that includes only graduates that are observed at both points in time. The two distributions have a similar pattern and therefore do not yield evidence for a selection problem. are measured by a continuous variable with 1 as the best and 4 as the minimum passing grade. We consider the course of study by the continuous variable length of study and by binary variables indicating whether graduates have changed the field of study since enrollment, whether they graduated from a university (compared to a technical college) and whether they obtained more than one university degree.
6
Regarding firm and job characteristics, dummy variables are incorporated that indicate whether graduates are self-employed, employed in the civil service, in full-time employment and whether they work in West Germany. Additionally, binary variables are considered indicating whether the share of high skilled workers (i.e. with university degree) in a firm is low (<50%), medium (50-75%) or high (>75%), the industry and firm size. A proxy for overeducation also enters the regression that is obtained from the self-reported information whether a university degree is required in the current job.
Whether graduates have completed an apprenticeship 7 before entering the university, whether they have worked in a study-related job during study and whether they study for a doctorate is indicated by binary variables. In the second interview, the employment history of the first five to six years in the labor market is available. In particular, actual work experience, duration of unemployment and tenure are included. Furthermore, whether graduates have changed their job at least once and whether they have obtained a doctoral degree are also accounted for.
A description and summary statistics of all variables can be found in the Appendix in Tables A1 and A2, respectively. As the particular focus of this study is on describing differences in labor market entry and career progression by field of study, the summary statistics in Table A2 
Empirical strategy
First, we calculate wage differences by field of study while controlling for observable characteristics at labor market entry and five to six years afterwards. These estimates are based on a Mincer wage equation. In a second step, a decomposition analysis is applied to reveal the extent to which field-specific wage differentials can be explained by differences in observable characteristics. For all regressions, we pool the graduation cohorts 1997 and 2001 and use the weights provided in the data.
To give insights into wage differentials by field of study while controlling for a variety of observable characteristics, the following model is estimated:
where log(w ) is the logarithm of monthly gross real wages 9 , i refers to the individual, t 1 to observations at the first labor market entry after graduation, t 2 to observations five to six years later and is the i.i.d. distributed error term. The vector F comprises dummy variables for the four fields of study Arts/Humanities, Social Sciences, Natural Science and Engineering. As a particular focus is set on comparing wages of Arts/Humanities graduates with wages of graduates from other fields, Arts/Humanities graduates are used as the reference group. X is a vector of covariates that contains all those variables described in the data section. In equation (2), we additionally include the log entry wage in the regression model. By using the lagged wage as covariate, we can assess how the determinants of wages have developed after five to six years while controlling for conditions at labor market entry. For reason of comparison, we also provide "raw wage differentials" by estimating equations (1) and (2) without considering the vector of controls X. Furthermore, we estimate an alternative specification of equation (2) by excluding the log entry wage from the covariates.
To reveal to which extent differences in observable characteristics account for wage differentials by field of study, a decomposition analysis proposed by Blinder (1973) and Oaxaca (1973) is applied.
The following decomposition models are estimated: (3a) and (3b) is the explained part of the wage differential that can be attributed to differences in endowments, i.e. observable characteristics. The second term contains the unexplained part. This part is often interpreted as differences in returns to observables.
However, we cannot rule out that our regression model suffers from omitted variable bias (for instance, we do not observe an appropriate measure for ability or motivation) or from other misspecifications.
In this case, we cannot give a proper interpretation of the unexplained part and therefore we will not interpret it in the following.
In principle, the decomposition can be implemented either by equation (3a) or by equation (3b).
The only difference is that the observable characteristics are weighted either by the coefficients obtained from a wage regression for Arts/Humanities (β AH,t ) or by the coefficients of a regression for the other field (β O,t ). As the decomposition results can be sensitive to using different coefficient weights, we will check the robustness of our findings by comparing the decomposition results obtained by equation (3a) and (3b). Table 2 documents the results at labor market entry and after five to six years. Without controlling for observable characteristics, distinctive differences between Arts/Humanities and the other fields of study become apparent. The unconditional difference in entry wages is 36% compared to Social Sciences, 26% compared to Natural Science and 40% compared to Engineering (see column (1)). Five 10 As we compare Arts/Humanities to three other fields of study, three different decompositions are conducted. or six years after graduation, raw wage differences are still statistically and economically significant, ranging between 32% and 34% (see column (3)).
Results
Including all control variables in t = t 1 (column (2)) and all but the log entry wage in t = t 2 (column (4)), reduces the raw wage differentials by more than one half. For entry wages, it is of similar size for all fields varying between 14% and 15%. After five to six years, differences between all fields are statistically significant and graduates from Social Sciences have on average 19%, Natural Scientists 13% and Engineers 8% higher wages than graduates from Arts/Humanities.
When additionally including the log entry wage (column (5)), the wage differentials decrease further to 15% for Social Sciences, 9% for Natural Sciences and 4% for Engineering. 11 The full regression results are presented in Table A3 in the Appendix. For the set of variables controlling for socio-economic characteristics, the course of study, job characteristics and labor market experience, the signs of the coefficients are in line with the literature (see e.g. Rumberger and Thomas, 1993, Schweri, 2004) .
Instead of assuming that field-specific wage differences can be captured by a constant term, we additionally allow the wage structure to differ by fields. Estimating the wage regression separately for each of the four fields of study is supported by a Chow-Test. For the sake of brevity, we only point out the most important results. 12 Table 3 presents the field-specific wage regressions for graduates from Arts/Humanities (columns (1), (3) and (5)) and from Social Sciences (columns (2), (4) and (6)). The results for the other fields of study are shown in Table A4 in the Appendix. For almost all fields of study, a gender gap in entry wages is observable. Five to six years later, this gender wage gap is still apparent, even after controlling for entry wages. Having graduated from a university compared to a technical college is positively and significantly associated with entry wages for Arts/Humanities while for engineers such a correlation becomes evident only after five to six years.
A contrary result emerges for Natural Sciences graduates where entry wages of university graduates are lower. While engineers have a wage premium when holding more than one university degree, the opposite is true for graduates from Arts/Humanities.
Being self-employed at labor market entry is negatively correlated with wages for graduates from Arts/Humanities only. Five to six years after graduation, being self-employed pays off only for Natural
Scientists as wages are on average higher compared to employees. Except for Arts/Humanities, wages of civil servants are lower at both points in time. For full-time employment, the wage premium at labor market entry is similar for all fields. However, five to six years after graduation, the wage premium for Social Sciences, Natural Sciences and Engineering is significantly higher than that for Arts/Humanities. Having obtained an apprenticeship degree yields a positive and significant estimate for Arts/Humanities only. Studying for a doctorate is negatively correlated with wages for graduates from Arts/Humanities and Natural Sciences at labor market entry.
In terms of work history since graduation different patterns by field of study are only observed for tenure and job change. While tenure is positively associated with higher wages for Arts/Humanities, having changed the job at least once is negatively correlated with wages for graduates from Engineering. For log entry wages, a similar pattern is apparent for all fields. The coefficient has a positive sign at a statistically significant level which could point at some path dependence between entry wages and wages later on. However, the relatively small magnitude of the coefficient indicates that there is only a weak correlation between early career wages. Comparing the results of the specification with the log entry wage to those of the specification without the log entry wage confirms this result since there are only slight differences apparent.
The previous regressions reveal that there are indeed differences between the wage structure of graduates from Arts/Humanities and the other fields. However, they do not answer the question to which extent differences in observable characteristics can explain the observed wage gap. They do also not provide evidence which particular variables are relevant for explaining the wage gap. In the following, results of the decomposition analyses are shown comparing graduates from Arts/Humanities with Social Scientists (see Panel A in Table 4) , with Natural Scientists (see Panel B in Table 4 ) and with Engineers (see Panel C in Table 4 ). Detailed decomposition results are shown in the Appendix in Tables A5, A6 and A7. As already mentioned, results differ in terms of which weighting scheme is used. 13 Therefore, we provide for all decompositions the results for both weighting schemes and only 13 The variation is much larger than it is usually observed in the decomposition of gender wage differential (e.g. Braakmann, 2008, Bredtmann and Otten, 2010) . This emerges because the processes determining wages differ to a large extent between fields of study as has already been shown in Tables 3 and A4 . The more the wage processes differ 12 interpret results that are statistically significant in both schemes.
At labor market entry, the total wage gap between Arts/Humanities and Social Sciences graduates is 35%, of which 42% to 65% can be explained by differences in observable characteristics (Panel A in Table 4 ). 14 After five to six years, the wage gap is of similar size (34%) and the extent of the gap that can be attributed to differences in endowments ranges between 45% and 46% for the specification without the log entry wage and between 54% and 56% when also including the log entry wage as a covariate.
The most important variable for explaining differences in entry wages by field of study is full-time employment (see Table A5 in the Appendix). If Arts/Humanities graduates had full-time jobs as often as Social Science graduates, the entry wage differential would be approximately 25% lower.
In addition, the industry, firm size and self-employment also explain a large part of the differential, i.e. Arts/Humanities graduates are less often employed in large firms that usually pay higher wages and are more often self-employed, which is associated with lower wages at labor market entry (see Table 3 ). To a smaller extent, differences in being employed in West Germany and overeducation also explain the entry wage difference. In contrast, some characteristics work in the opposite direction such as graduating from a university (compared to a technical college) and to a smaller extent also having worked in a study-related job during study. In particular, if Arts/Humanities graduates had graduated from a university or if they had worked in a study-related job as little as graduates from Social Science, the raw difference in entry wage would even be larger.
After five to six years, the importance of full-time employment, firm size, industry and being employed in West Germany in explaining the wage difference remains. However, differences in log entry wages are even more important in explaining wage differentials after five to six years. Other variables that also contribute significantly to the wage gap include male and actual experience. As for entry wages, having graduated from a university works in the opposite direction.
While at labor market entry, the overall wage gap between Arts/Humanities and Natural Sciences (25%) as well as the part of the wage gap that can be explained by differences in observables (between 17% and 31%) is smaller, for wages five to six years after graduation a similar picture emerges (Panel B in Table 4 ). 15 The gap in wages increases to 34%, of which 55% to 56% can be attributed to observables when estimating the specification without the log entry wage. Including the log entry wage as a control variable increases the explained part further to a share ranging between 62% and between groups, the more the results will differ.
14 The detailed decomposition results show that these differences in the explained part are mainly driven by different β's for the variables male, change of field of study, university, employment in the civil service, apprenticeship and study for a doctorate. For example, being employed in the civil service contributes only significantly to the entry wage gap when usingβ SS as weight. This is because employment in the civil service has a large and significant coefficient only in the wage regression for Social Science while it is small and insignificant for Arts/Humanities.
15 As in the case of the wage decomposition for Arts/Humanities and Social Sciences, the discrepancy in the amount of the gap that can be explained by differences in endowments results from differences in the wage structure. The main differences between Arts/Humanities and Natural Sciences are found for the variables male, self-employment and industry. 14 65%.
When looking at entry wages, overeducation yields the highest contribution to explaining the wage differential between Arts/Humanities and Natural Sciences graduates (see Table A6 in the Appendix).
Employment in West Germany and firm size also explain the wage gap. However, studying for a doctorate contributes strongly in the opposite direction. If graduates from Natural Sciences studied to the same (low) extent for a doctorate as graduates from Arts/Humanities, the wage gap would even be higher. After five to six years, full-time employment is one of the most important variables explaining the wage gap. In a similar magnitude, the share of males among graduates from Arts/Humanities and Natural Sciences matters. Other important factors are log entry wages, firm size and industry as well as overeducation and, to a much smaller extent, also the actual labor market experience. After five to six years, there is no longer a significant opposite contribution of studying for a doctorate which is because the share of Natural Scientists studying for a doctorate is as high as the share of their counterparts from Arts/Humanities.
The observed wage gap between graduates from Arts/Humanities and Engineering is 40% for entry wages, and in contrast to the other fields decreases to 32% for wages five to six years after graduation (Panel C in Table 4 ). While at labor market entry between 44% and 53% of the gap can be explained by differences in endowments, after five to six years almost the whole wage gap (between 68% and 76% for the specification without the log entry wage and between 79% and 83% for specification including the log entry wage) can be attributed to differences in observable characteristics.
Regarding entry wages, full-time employment explains the largest part of the wage difference (see Table A7 in the Appendix). Industry, overeducation, firm size and employment in West Germany contribute to a smaller extent. After five to six years, differences in full-time employment still explain a large part of the wage gap. Differences in the industry, log entry earnings and male are also of high importance. To a smaller extent firm size, overeducation, actual experience and being employed in West Germany also contribute significantly to explaining the wage gap. However, for graduation from a university an opposite effect is apparent.
Conclusion
Using data on German university graduates, this paper investigates wage differences between graduates from Arts/Humanities and graduates from other fields of study. When entering the labor market, the raw wage gap of Arts/Humanities compared to Social Sciences is 36%, compared to Natural Sciences it is 26% and compared to Engineering it is 40%. Five to six years after graduation, the wage difference is of a similar size ranging between 32% and 34%. When including controls, e.g. individual, study-related, job and firm characteristics, the wage differential decreases substantially to 14% to 15% for entry wages and to 4% to 15% for wages after five to six years.
When decomposing the wage gap, at least 17% and at most 65% of the entry wage gap can be explained by differences in observable characteristics, depending on which field of study is compared to Arts/Humanities. After five to six years, the explained part is even higher (at least 54% and at most 83%). The particular characteristics explaining wage differentials are very similar regardless of which of the three considered fields of study are compared to Arts/Humanities. The lower shares of Arts/Humanities graduates that are employed in West Germany and employed in large firms and the higher share of overeducated Arts/Humanities graduates play an important role for entry wages. When comparing Arts/Humanities graduates with Social Scientists or Engineers, differences in industry and full-time employment also contribute significantly to explaining the wage gap at labor market entry.
Compared to Social Scientists, differences in self-employment additionally account for the gap.
After five to six years, the wage gap can again be attributed to differences in full-time employment and to a smaller extent also to firm size and industry. Furthermore, overeducation plays a role when comparing Arts/Humanities graduates with Natural Scientists or Engineers as does being employed in West Germany when comparing Arts/Humanities with Social Sciences and Engineering. This is suggestive evidence that the less favorable job and firm characteristics of Arts/Humanities graduates at labor market entry persist for (at least) the next five to six years. Besides these characteristics that were already found to explain a substantial part of the gap in entry wages, there are some additional characteristics explaining the wage gap after five to six years. Most importantly, differences in entry wages matter. In addition, the lower share of males among Arts/Humanities graduates explains some part of the wage gap after five to six years while it does not contribute to explaining entry wages. This is because the positive correlation between males and wages becomes stronger with labor market experience. To a smaller extent, differences in actual experience also explain the wage gap after five to six years.
In conclusion, our results suggest that differences in job, firm and labor market characteristics can explain the wage gap to a much larger extent than individual or study-related characteristics.
Hence, it seems that wage differences are, at least partially, driven by skill-specific labor markets (as job markets may differ by occupation) or by (nonmonetary) preferences. It should be noted, however, that further research is needed to analyze whether and how much these results are biased by a selection of individuals with different ability into fields of study. 
Appendix
(8) Notes: Bootstrapped standard errors with 1,000 repetitions are shown in round parentheses. -Significant coefficients are indicated in italics (10%-level) and boldface (5%-level). -For fields of study categorization see Table 1 . -The share is shown in square parentheses.
Source: HIS panel of survey graduates 1997 and 2001, own calculations.
